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Abstract—Longitudinal surveys of ang-
lers or boat owners are widely used
in recreational fishery management to
estimate total catch over a fishing
season. Survey designs with repeated
measures of the same random sample
over time are effective if the goal is
to show statistically significant differ-
ences among point estimates for succes-
sive time intervals. However, estimators
for total catch over the season that are
based on longitudinal sampling will be
less precise than stratified estimators
based on successive independent sam-
ples. Conventional stratified variance
estimators would be negatively biased
if applied to such data because the
samples for different time strata are
not independent. We formulated new
general estimators for catch rate, total
catch, and respective variances that
sum across time strata but also account
for correlation stratum samples. A case
study of the dJapanese recreational
fishery for ayu (Plecoglossus altivelis)
showed that the conventional stratified
variance estimate of total catch was
about 10% of the variance estimated by
our new method. Combining the catch
data for each angler or boat owners
throughout the season reduced the vari-
ance of the total catch estimate by
about 75%. For successive independent
surveys based on random independent
samples, catch, and variance estima-
tors derived from combined data would
be the same as conventional stratified
estimators when sample allocation is
proportional to strata size. We are the
first to report annual catch estimates
for ayu in a Japanese river by formu-
lating modified estimators for day-per-
mit anglers.
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Angler surveys are widely used in fish-
ery management to estimate recreation-
al catch, and there is an extensive body
of literature on this subject (see Guthrie
et al., 1991). Pollock et al. (1994) pub-
lished a manual on angler survey meth-
ods and their applications in fishery
management. The first purpose of our
study is to make two very important
points for the designers of recreational
fishery surveys: 1) longitudinal surveys
taking repeated measures on the same
random sample of anglers or boats over
time are better than successive indepen-
dent surveys if the goal is to determine
significant trends in catch and fishing
effort, and 2) stratified surveys, or suc-
cessive independent surveys based on
random independent samples of ang-
lers or boats, are better than longitu-
dinal surveys if the goal is to obtain pre-
cise estimates of annual total catch and
fishing effort. If longitudinal fisheries
data sets are used to estimate annual
catches, then correlations between
monthly sample observations must be
taken into account when evaluating
the precision of catch estimates. This
problem is not addressed in the litera-
ture, and the variance estimation pro-
cedures for this situation are unclear.
The second purpose of our study is to
estimate the annual catch of ayu (Pleco-
glossus altivelis) in a river because no
estimates have been reported in Japan.

In our study, we formulated a new
method for accurate variance estima-
tion with longitudinal fishery data, ex-

emplified by a case study of the rec-
reational fishery for ayu in Nakagawa
River in Tochigi Prefecture, Japan (Fig.
1). Annual catch estimates based on
sums of monthly estimates were com-
pared with those based on combined
data for each angler or boat through-
out the fishing season. We demonstrate
how use of a design with repeated mea-
sures facilitates determination of sig-
nificant seasonal trends in catches, and
show the usefulness of combined (non-
stratified) data analysis. We also esti-
mate the total annual catch of the ayu
fishery by formulating modified esti-
mators for day-permit anglers (anglers
who are granted permits to take fish
for one day).

Materials and methods

Case study of ayu

We used longitudinal data collected for
the Japanese ayu fishery to compare
estimators of effort and catch and their
associated variance estimators. Ayu is
the most popular target species of rec-
reational anglers in rivers in Japan.
In the Nakagawa River (Fig. 1), the
upstream run of wild juvenile ayu from
the coast begins in late March to early
April, and is completed by early July.
Ayu mature and spawn from September
to November, and then die after spawn-
ing. Cooperatives release both hatch-
ery-produced and wild juveniles caught
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Figure 1

Location of the angler survey. Bold lines in the lower figure indicate
the area of the Nakagawa River where the survey was conducted.

in Biwako Lake, Shiga Prefecture (Fig. 1) from early April
to the end of May. Thus, recreational anglers catch both
naturally recruited wild juveniles and transplanted wild
juveniles from Biwako Lake and hatchery-produced ayu
released by the cooperatives. Both hatchery and wild stocks
consist of a single year class that recruits in the spring. The
river fishing season for ayu begins on June 1st and closes
at the end of October. To estimate the annual ayu catch by
recreational anglers in the Nakagawa River, we conducted
a longitudinal log book survey in 1993.

Sampling procedure

There are four cooperatives that set fishing rights on the
Nakagawa River in Tochigi Prefecture. Fishing permits
for ayu are sold at the cooperatives and fishing tackle
shops, and these permits are valid over the entire Nak-
agawa River in the prefecture. The cooperatives record
the total number of season- and day-permits sold, and a
complete list of season-permit anglers is available. An a

priori sample size of 120 anglers (an expected sampling
fraction of about 0.5% of the total number of season-per-
mit anglers) was allocated to the four cooperatives in pro-
portion to the number of season-permits sold (Table 1).
Anglers who possess a permit (season or day) can fish for
ayu over the whole Nakagawa area, regardless of where
the permit was purchased. Hence, we treated the samples
as if they were drawn from the population by simple
random sampling, even though they were drawn by strati-
fied random sampling of cooperatives.

We asked the cooperatives to select samples randomly,
but the samples were drawn arbitrarily. The selection,
however, was not a purposive sampling; therefore we treat-
ed them as random samples. The sampled season-permit
anglers were asked to record catch data throughout the
fishing season, including each fishing date, the number
of ayu caught, and the fishing site, on a printed form,
which was returned after the fishing season was over. To
estimate the total catch in weight, we also surveyed the
body weights of ayu in recreational catches by month. The
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Table 1

The number of permits sold in 1993, sample size, and the number of logbooks returned by the four fishermen’s cooperative associa-
tions along the Nakagawa River. n = number of anglers sampled.

Fishermen’s
cooperative Number of Number of Number of
associations season permits sold day permits n logbooks returned
Hokubu 11,314 6520 70 64
Nanbu 6391 1946 30 21
Chuo 1911 231 10 10
Motegi 2346 369 10 9
Total 21,962 9066 120 104
primary sampling unit in a population of season-permit Vi( I%k) N2 N-n z C,-M, R 2, @)
anglers or boat owners (i.e. party-boat owners or person- M} n(n-1)

al-boat owners) was an angler or a boat owner, and the
secondary sampling unit was a fishing day. We selected
anglers or boat owners by simple random sampling with-
out replacement from a list of anglers or boat owners, and
asked a sample of anglers or boat owners to record catch
data on all fishing days throughout the survey. Because all
the secondary sampling units were surveyed, we regard-
ed this as a single-stage cluster sampling procedure (Co-
chran, 1977).

Estimation of total catch by month

Estimation for season-permit anglers or boat owners The
principal notations for estimation of the total catch for
season-permit anglers or party-boat owners are as follows
(Cochran, 1977; Pollock et al., 1994):

N = total number of sampling units (season-permit angler

or party-boat or personal-boat owner; known number);

sample size drawn from the population N;

= total number of fishing days in the population in 2th

month (to be estimated);

M, = total number of fishing days in 2th month of selected
ith sample;

M, = mean number of fishing days per sampling unit in
kth month (to be estimated);

C;, = number of fish caught by ith sample in £th month;

catch rate of 2th month (to be estimated);

Cf¥ = total catch by season-permit anglers or by party-
boat owners or personal-boat owners in 2th month
(to be estimated).

a-gﬁ
|

The catch rate is the number of fish caught per sampling
unit each day. For logbook surveys, the ratio of the mean
is the preferable estimator of catch rate (Jones et al.,1995;
Pollock et al., 1997).

The ratio and the variance for the catch rate is estimated
by

~ z ICLk

" M, (1)

zll

This variance estimator is obtained by dividing Equation
6.9 in Cochran (1977, p. 155) by the total number of fishing
days in the kth month M. In Equation 2, M), is unknown;
hence we approximated the variance estimate by using
the estimator of M, as follows (Thompson, 1992, p. 62):

Vi) =—"" N, -M,R) 3)

NMzn(n 1) i=1

where M k—NM x The variance of M » 1s estimated by
VI =N 2V(M, ), Where M is the mean number of fish-
ing days per sampling unit in £th month. The estimator
and the variance are as follows (Cochran, 1977, p. 249,
from Eq. 9A.2):

. 1
M, == M. 4
k nz @
A D _ 9
VM= Nn(n I)Z(M M) )

The total number of fish caught in £th month is estimat-
ed by

69 = i1, B, = NMLE,

Z :=1Mik 2 n—1Cik

n M

Lll

(6)
=N

N &
:;;CL}‘E

This results in an unbiased estimator. When the total
number of fishing days M), is unknown, the ratio estima-
tor coincides with the unbiased estimator. The variance is
evaluated by (Cochran, 1977, p. 249, from Eq. 9A.2):
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Vi =T ”)2( C- Gy M)
where ék = Z ilCik /n.

Estimation for day-permit anglers We estimated the catch
of day-permit anglers separately. The notations for day-
permit anglers catch estimation are as follows:

D = total number of day-permits sold through the season

(known);

D, = total number of day-permits sold in £ th month
(known);

d, = total number of day-permit anglers who returned
logbooks in kth month;

R[@ = catch rate of £th month for day-permit anglers;
C{@ = total catch by day-permit anglers in kth month (to
be estimated).

The estimator of total number of fish caught by day-per-
mit anglers in kth month is

C(d) R(d), (8)

where the catch rate for day-permit anglers, estimated by
the sample mean, is

dj,

. 1
R = d_zcik‘ 9

k=1

The variance estimator of C\*’ is (Cochran, 1977, p. 26,
from Eq. 2.20):

V(é](ed)):Df‘}(I%}(ed))_Dk(Dk dk)z(clk Ry,

d,(dy, — (10)

Total monthly catch of season- and day-permit anglers The
total catch by season- and day-permit anglers in kth
month is C,, which is estimated by

C,=CP +C. (11)

These two total estimates are obtained from independent
samples (season- and day-permit anglers); therefore the
variance is estimated by adding the variances:

V(C,) =V(C)+V(C®D). (12)

The total catches in weight in £th month are estimated by

using the mean body weight of the species in 2th month (w)
estimated from the survey of individual body weights by

W, =W + W = C,iw,, (13)

where W(S)and W(d}are the total catches in weight for sea-
son- and day-permit anglers, given by W(S) C,ff)wk and

Wk(d) C(d)w In general, season-permit and day-permit
anglers ﬁsh in the same location; therefore we assumed
the same mean body weight for both kinds of anglers.
The samples for estimating C, and w, are independent;
therefore the variances are estimated by using Goodman’s
(1960) formula:

V(W,) = VIW®) + V(W) (14)
where VW) = w2V(CE) + C*V (i) + VCS WV (i)

and VWD) =2V (C@) + CP*V (@w,) + VCD )V @y,).

The mean body weight of fish in Ath month is estimated
from a survey of individual body weights (w;, of [, fish
caught on the fishing grounds). The estimator for kth
month and its variance estimator are

2 b
W=D, Wi /1,

and V)= 3" g~/ (1,0, - D).

The total fishing days in 2th month is estimated as the
sum of the fishing days estimates of the season-permit an-
glers and the day-permit anglers by

My, =M, +D, (15)

and the variance is estimated by V(MTk) = N2V (M, 1) be-
cause D), is known.

Estimation of annual catch

Method 1 (based on monthly estimates) The annual catch
is estimated by summing monthly catch estimates over
the entire fishing season (K months). The point estimator
is

1]
I~
2

A~ K ~ K A~
_ z l(eS) + z C(d) C(s) C(d). (16)
k=1

k=1

When the same sample of anglers reports catches through-
out the season, the sampling is not independent in each
month, and monthly catch estimates are auto-correlated.
Taking this correlation into account, the variance estima-
tor is

V(€)= V() +V(CP)

VEE)+2Y Cov (G648
;g‘ an

(c““) . 22 Cov(CL,CiP).

k<k’

TMN EMN
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The covariance between two total estimates of season-per-
mit anglers is estimated by (see Appendix 1, from Cochran,
1977, p. 25)

CoviCy,C) = NN N (¢ (€ -Cp). (18)
=1

nn-1

The fourth term of Equation 17 is equal to 0 if a different
sample of day-permit anglers is drawn in each month.
The total catch in weight is estimated by

W — iWk i k( + Zw(d) W(s) + W(d) (19)

and the variance estimator is similar to Equation 17 but
has a slightly different covariance which is

Cov(W®, W) ~ i iy, Cov(C ,C). (20)
This covariance estimator was derived by the delta method
(Seber, 1982, p. 7, see Appendix 2), which coincides with a
covariance when w, and w, are constant.

The mean annual catch rate is estimated for season-per-
mit anglers or boats by

po_ CY 21)
M(s) ’

K K .
where MY =Y M, =N Y M,
k=1 k=1

Here M » 1s given by Equation 4. The total effort is esti-
mated by M+ D. The approximate variance of V(R(S)) is
given by the delta method (Seber, 1982, p. 7; Appendix 3),
that is

~(s)
o L V(c(s))+(§ J V(M(s))
V(RY) = o > (22)

(s) o~ A ~
2~ (Cov(C®,M™)
M(s)

where \}(é(S)) is given by Equation 17, and the variance of
the total number of fishing days is estimated by

LS ~ K ~ ~ -~
VM) = Nz{z VM)+2Y Cov(Mk,Mk,)}. (23)

k=1 k<k

Here 17(117 ) 1s given by Equation 5 and the covariance of
two sample means is estimated by (Cochran, 1977, p. 25)

CovM My)= -1 Z(M MM, - M,). (24)

N(—l)

The estimator of covariance between C® and M is simi-
lar to Equation 18 (see Appendix 1):

N(N-n)

(A M) = A_L M-—Z\Ll 2
Cov(C, M) == ;(q C)(M,~M), (25)

where C; and M, are the number of fish caught and the
number of fishing days of ith season-permit angler or boat
owner throughout the season, respectively, and

C=Y" Culn.

§

M/n

i=1

and

The mean number of fishing days per sampling unit
(season-permit angler or boat) is estimated by

and the variance estimator is
SOV = L v are
V(M) = N V( ),

where M®and V(M) are already derived from Equation
21 and Equation 23, respectively.

The catch rate of day-permit anglers over the season is
estimated by

Ao _ C@
D

and the variance is

A A 1 A A
(d) (d)
V(R'Y) = ﬁV(C ),
where C? and V(é(d)) are given in Equation 8 and Equa-
tion 10, respectively.

Method 2 (based on total annual catch of each angler or
boat owner) Another procedure for estimating annual
catch is to use annual data rather than monthly catch for
individual anglers or boats. The advantages of this proce-
dure are that covariances between months do not have to
be considered and estimators are much less complicated
than those obtained using method 1. Equations derived for
monthly estimation can be used without modification for
this procedure.

Modified estimators for day-permit anglers

We could not conduct a survey of day-permit anglers, so
we substituted R for R\ in Equation 8. In addition, the
total number of day permits sold in kth month (D)) was
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unknown. Hence, we slightly modified the procedure for
estimating D, by Dp,, where p,, is the proportion of day
permits sold in 2th month to the annual total number of
day permits sold (D).

Day permits issued by the cooperatives are sold mainly
in fishing tackle shops. We selected four tackle shops and
surveyed the total number of day permits sold at the se-
lected jth fishing tackle shop (Dj), and the total number of
day permits sold at the selected jth fishing tackle shop in
kth month (D;,). The proportion of day permits sold in kth
month was estlmated by

h
] 1DJk

211J

where h is the number of fishing tackle shops selected
from a total of H shops. The evaluation of the variance of
Dy, was similar to Equation 3:

H(H-h)

V)= D=

Z(Djk D pk)2

Some day permits, however, were sold at the fishing sites,
and the above variance estimator was not appropriate for
this situation. Assuming 2 _1D; was selected by simple
random sampling from D, We evaluated the variance by
(Cochran, 1977, p. 52, Eq. 3.8)

D-3D;
oz

Vipy) = De(1- By

J=1

The modified estimator for the total number of fish
caught by day-permit anglers in 2th month is

C¥ = Dp,R,. (26)

Here p, and IA?k are independent because these are esti-

mated from different survey data. The variance of revised
(}l(ed> was estimated by using Goodman’s (1960) method:

VC@) = D2{fz,§x?( Do)+ DIV(R,) + V( ﬁk)x?(fek)}.

The total fishing days in kth month was estimated by
Equation 15 but in this case D, was unknown. The modi-
fied estimator was

M Th = M i+ Dpy,
and the variance was slightly revised as
V(Mp,) = N*V(M,) + D*V(p,).
The annual catch was estimated by Equation 16, sub-

stituting Equation 8 by Equation 26. In this case, we
estimated C(d) and C,(ed) from the same sample of season-

permit anglers. Hence, the fourth term of the covariance in
Equation 17 must be considered. The approximate covari-
ance is estimated by (see Appendix 4)

Cov(C\?, D) = D2p, p,.Cov(R,, R,,), 27
where the covariance between fik and IABk, is
———Cov(C}",C{)
MM,
(s)

- Cov(CY, M)

—~ A A 1 MkMk
COV(Rk,er) = F (s)

COV(M s <S))

Mk Mk
C(S)C(S)
Mk M

Cov(M,, M,

Here Cov(C(S) C,(j)) and C/O\V(M +» M) are already given by
Equation 18 and Equation 24. The other covariance com-
ponents are

Cov(C, My =-N-n_ e Z(Cﬂe C) (M, - M,)
Cov(M,,C) = Z( _C,)(M,, - M,).

The annual catch in weight was estimated by Equation 19,
substituting Equation 8 with Equation 26. The covariance
in the fourth term of V(W) in Equation 17 was estimated
with Equation 20 by

Cov(W P, WD) = 5,1, Cov(C\¥, C{D)

where Cov( (d> (d)) is given in Equation 27.

Results

In 1993, 21,962 season permits and 9066 day permits were
sold (Table 1). The total number of day permits sold at the
four fishing tackle shops was 4776, and the number (pro-
portion, p,) sold was 2732 (0.572) in June, 1,189 (0.249) in
July, 716 (0.150) in August, 124 (0.026) in September, and
15 (0.003) in October.

We received 104 logbooks from the 120 season-permit
anglers sampled, a return rate of 86.7%. In addition, two
anglers voluntarily submitted logbooks, but we did not in-
clude these unsolicited returns because they were not ran-
domly selected. The modes of the catch rates by the sam-
pled anglers were from five to ten fish per month (Fig. 2).
The histograms show a large variation in the catch rate
among season-permit anglers. The peak fishing season was
from June to July. In September, the number of anglers
decreased, and the fishing season ended in October. The
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Figure 2

Distributions of the catch rate of ayu by month for 104 sampled season-permit
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modes of the number of fishing days per season-permit an-
gler were five for all months. The variation in the number
of fishing days among anglers was also large (Fig. 3).

Monthly plots of the total number of fish caught versus
the number of fishing days showed linear relationships
(Fig. 4). The variation in Figure 4 indicates differences in
the skill of the anglers. The monthly number of anglers
decreased over the fishing season. Figure 5 shows the
monthly changes in the total number of fishing days, the
total number of fish caught, and the catch rate for the 104
sampled anglers. The decline in number of fish caught was
largely due to the decrease in fishing days. The change
in catch rate indicated a decline in the abundance of the
stock.

The mean body weight of ayu was greatest in June (Fig.
6) and was affected by a method of fishing for ayu called
“Tomo-zuri” angling, which takes advantage of the attack-
ing behavior of ayu when another fish enters its territory.
Anglers attach a “call” fish (a live ayu) above a treble hook
that snares the territorial wild fish, as it attacks the “call”

fish. Because larger individuals establish territories ear-
lier than smaller ayu, fish caught in June were predomi-
nantly the larger individuals.

Reflecting the monthly trend in the number of fishing
days, 89% of the total annual catches of season-permit an-
glers and 98% of those of day-permit anglers were taken
from June to August (Table 2). The catch by day-permit
anglers was substantially smaller than anticipated, esti-
mated at about 2% of season-permit anglers’ catch in both
numbers and total weight. CVs ranged from 7% to 12%
in June and July for all parameters; however, they were
higher in August and September, ranging from 10% to
20%. In October, CVs exceeded 43% for total catch in num-
ber and weight. The decreasing precision of the monthly
catch rate estimates was caused by the decrease in anglers
(n;,) (Figs. 4 and 5). . .

The CVs of annual estimates of M and M, by method 1
were about 7%, but that of R was about 20% (Table 2)
because we evaluated the covariance terms for the number
of catches and fishing days between months; those were
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Distributions of the ayu fishing days per angler by month for 104 sampled
season-permit anglers in the Nakagawa River.
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Cov(C (S>, (S)) in V(C(S))and Cov(Mk,Mk )in Equation 22.
The CVs of C and W were also evaluated at about 21% and
were strongly affected by the covariances between months
in Equation 17. The variance of the total number estimate
V(C) was 1.2604 x 102, and variance by neglecting the
covariance term in Equation 17 was 1.2230 x 10!%. The
CV of C without the covariance term was 6.53%. If we ne-
glect the covariance, the variance is substantially under-
estimated. The variance was 10.31 times larger when the
covariance term was included.

We obtained similar point estimates of annual catch by
method 2 (Total™eth-2 in Table 2). The CVs of M, M ™ C and
W for day-permit anglers were about 7%, but that of R®
was reduced from 19.7% to 6.6% by not considering the co-
variance terms. The CVs of C and W dropped about 10%
from 21% without the covariance. Similar point estimates
and smaller variance estimates were obtained. The vari-
ance estimate of the annual catch obtained by method 1
with covariances (1.2604 x1012) was 4.11 times larger than
that by method 2 (3.0667 x1011).

The relationship between the sample size and the pre-
cision of the annual catch estimate for season-permit an-

glers was examined. We calculated the values V(C) for var-
ious values of n by using Equation 7. To obtain precision
over the season for CVs of C** -{V&/¢) below 10%, a sam-
ple size of 120 or more is required (Table 3).

A high positive correlation in catches between adjacent
months was detected (Table 4). We mapped anglers (ob-
jects) and fishing days (categories) into a two-dimension-
al graph by correspondence analysis (Hayashi, 1950; Ben-
zéceri, 1992) using the function “pq3.prcomp” in S version
4 (Chambers and Hastie, 1992). Correspondence analysis
showed the relations between rows and columns in a fre-
quency table graphically as points in a common low-di-
mensional space (Clausen, 1998). Both objects (rows) and
categories (columns) of variables are represented as points
in such a way that an object is relatively close to its catego-
ry and relatively far from other categories (Leeuw and van
Rijckevorsel 1988). For example, the 72nd angler fished 10
days in June, five days in July, seven days in August, three
days in September, one day in October, and this angler was
mapped closed to June, reflecting the month of his high-
est fishing effort (Fig. 7). The results suggest several fish-
ing patterns with high catch seasons in June—July, July—
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Relationship between the number of fishing days and the number of fish caught
by 104 sampled season-permit anglers in the Nakagawa River.
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August, August—September, and September—October, re-
sulting high correlations between adjoining months, and
large covariances between distant months (Table 4).

The prime advantage of a longitudinal study is its ef-
fectiveness for studying change, and a repeated measures
analysis of variance can be applied to a complete data set
with a constant correlation (Diggle et al., 1994). However,
our data set was incomplete because the number of anglers
who fish in each month changed (see n in Fig. 4) and had a
different correlation structure among month (Table 4). We
tested the differences between successive monthly catch
estimates of season-permit anglers by using a parametric
bootstrapping method. In the central limit theorem, the
sample distribution of a monthly total catch estimate
can be regarded as a normal with the mean C/® and the
variance V(C(S)) Based on the two point estlmates vari-
ance estimates and the correlation coefficient between suc-
cessive two months, we generated 10,000 bivariate normal
random variables (Gentle, 1998). The means and 95% con-
fidence intervals of the differences between two monthly
total catch estimates were —226,561 [-650,404~203,080]

for June and July, 870,720 [455,091~1,277,402] for July
and August, 470,594 [161,013~783,168] for August and
September, and 537,488 [290,905~782,727] for September
and October. Significance levels were corrected for multi-
ple testing by using the Bonferroni ajustment factor (So-
kal and Rohlf, 1995).The confidence interval for June and
July straddled 0, showing no significant difference. On the
other hand, three other confidence intervals did not in-
clude 0; therefore the monthly differences were statisti-
cally significant (Fig. 8).

Discussion

Bias and source of variation

The estimate of the total annual catch of ayu by the rec-
reational fishery was the first obtained in Japan and was
much larger than expected. The total number of day-per-
mits sold was 9066, and was quite small (1.9%) compared
with the estimated total number of anglers (477,520).
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Figure 5
Monthly changes in the number of fishing days,
total catch, and catch rate for 104 sampled
anglers in the Nakagawa River.

Although the difference in the catch rate between day- and
season-permit anglers was unknown, the influence of this
bias on the total catch estimates would be minor. In order
to check the bias, however, one could conduct a logbook
survey of day-permit anglers. Sixteen anglers of the total
sample (13%) in our study did not return logbooks and
therefore may have caused a bias in our estimates; however
no attempt was made to evaluate the difference between
nonrespondents and respondents. The angler sample was
drawn arbitrarily by the cooperatives but was not a random
sample in the strictest sense. If cooperative anglers tended
to be selected, this could have been a source of bias.

The source of variation in total catch is the variation
in the catch of the sampling unit, including differences in
fishing days, skill of the anglers, and the number of an-
glers that a party boat could accommodate. A stratified
sampling scheme based on categories of anglers or boats is
effective for this situation. The weakest point in the use of
logbook surveys, perhaps, is that the catch data are report-

ed by those who catch the fish and by boat owners with
monetary interests. To what extent the anglers might have
exaggerated or under-reported their catch is not known.
Party boat owners may record lower than actual catches to
reduce taxes. To examine this possible source of bias, on-
site surveys should be conducted. For the ayu fishery in
the Nakagawa River, an access point survey may be prac-
tical (Pollock et al., 1994). When comparatively complete
lists of boat owners and anglers are available, logbook sur-
veys based on these lists, combined with on-site surveys,
are appropriate.

Longitudinal and stratified survey designs

Longitudinal surveys taking repeated measures on the
same random sample over time are better than successive
independent surveys if the designer’s goal is to show sta-
tistically significant differences in the estimates between
time intervals. Monthly estimates showing seasonal trends



238

Fishery Bulletin 100(2)

307 August
_ n=68
Mean=52
20

30+ June 307 September
i n=47 i n=63
Mean=56 Mean=45
20+ 20
10 10 H
1 i0nnn. g e
20 40 60 80 100 20 40 60 80 100
30+ T July 80 Total
s n=74 - n=252
é Mean=46 60 T Mean=49
3 20 i
S A 40+
2 107 ]
£ 20 H
> -
3 .
o[l |—| nllne 1 n H H [
20 40 60 80 100 20 40 60 80 100

g [ Hﬂﬂm
0

20 40 60 80 100
Body weight (g)

Figure 6
Distributions of body weight by month for ayu caught in the Nakagawa River.

can be obtained by the equations derived in our study.
In such repeated measure designs, the most precise esti-
mates of annual catch are obtained by method 2. On the
other hand, stratified surveys, or successive independent
surveys between time intervals based on random samples
of anglers or boats, are better than longitudinal surveys if
the designer’s goal is to obtain precise estimates of total
effort, or catch (or total effort and catch), over the entire
season. Stratification by month would improve the preci-
sion of annual estimates even more if estimates varied
greatly across months. Stratified sampling allows inde-
pendent monthly estimates, and monthly estimates can
be summed to produce precise estimates over time. In the
absence of correlations between monthly sample obser-
vations, the estimated variance of annual estimates can
be obtained simply by adding the estimated variances of
the monthly estimates. The estimated variances of annual
estimates stratified by month would be considerably less
than those of annual estimates based on repeated monthly
observations of a one-time annual sample.

If method 2 is used to analyze data obtained by such in-
dependent surveys, how would the precision of the estima-

tor compare with the precision of a stratified estimator?
For simplicity, we consider a population that is divided
into two subpopulations of N;, N, units, respectively. The
stratified estimator of the population total and the respec-
tive variance are

Y =Ny, + Nyys,,
V(Y) = NV (5,)+ N2V (7,),
where y; and ¥, are the sample means for sample sizes

of n,; and n,. On the other hand, those obtained by method
2 are

~  N;+N. _ _
Y, = ﬁ(nﬂ’l +15Y2),
nl +n2
2 2
ﬁdbz{ﬁgﬁiﬁﬁ}V®p+¥29ﬁiﬂﬁ}V@y.
n1+n2 n1+n2

Subtracting Y, from Y, we have
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Table 2

Estimated parameters and coefficients of variation (in parentheses). Total™eth- 1 = total estimated by summing monthly estimates
(method 1). Total™eth- 2 = total estimated by combining data throughout the season (method 2). R® = catch rate for season-permit
anglers. M = mean number of fishing days per season-permit anglers. M, = total number of fishing days (season+day-permit
anglers). C® = total catch in number for season-permit anglers. C@ = total catch in number for day-permit anglers. C = total catch
in number (season+day-permit anglers). W® = total catch in weight for season-permit anglers. W& = total catch in weight for day-
permit anglers. W = total catch in weight (season+day-permit anglers).

Coefficient of variations of the total catch estimate C®
(method 2) for various sample sizes (number of anglers).

showing that the two methods provide different estimates
with the extent of the difference, depending upon the

n,+ny

n (6% n (6% n (6%
10 0.3401 110 0.1025 230 0.0709
20 0.2405 120 0.0982 250 0.0680
30 0.1963 130 0.0943 300 0.0621
40 0.1700 140 0.0909 400 0.0538
50 0.1521 150 0.0878 500 0.0481
60 0.1388 160 0.0850 600 0.0439
70 0.1285 170 0.0824 700 0.0406
80 0.1202 180 0.0802 800 0.0380
90 0.1134 190 0.0780 900 0.0358

100 0.1075 200 0.0760 1000 0.0340

y-v, -t g g

Parameter June July August September October Tota]meth. 1 Tota]meth. 2
R® 11.12 12.37 10.29 9.29 5.35 11.04 11.04
(0.087) (0.075) (0.115) (0.187) (1.495) (0.197) (0.066)
M 6.92 7.05 4.62 2.80 0.28 21.66 21.65
(0.073) (0.075) (0.101) (0.153) (0.291) (0.073) (0.073)
M 157,231 157,047 102,722 61,687 6,152 484,839 484,628
(0.071) (0.074) (0.100) (0.152) (0.290) (0.072) (0.071)
c® 1,690,440 1,914,495 1,042,772 570,800 32,732 5,251,241 5,251,241
(0.116) (0.115) (0.154) (0.179) (0.437) (0.214) (0.105)
C@d 57,658 27,915 13,982 2,186 152 101,894 100,108
(0.087) (0.077) (0.118) (0.197) (1.528) (0.056) (0.066)
C 1,748,099 1,942,410 1,056,755 572,987 32,884 5,353,135 5,351,349
(0.112) (0.114) (0.152) (0.178) (0.435) (0.210) (0.103)
W (¢) 94.64 88.30 53.26 25.85 1.48 263.53 253.90
(0.125) (0.122) (0.159) (0.184) (0.439) (0.213) (0.107)
W@ (¢) 3.23 1.29 0.71 0.10 0.01 5.34 4.84
(0.099) (0.086) (0.124) (0.202) (1.530) (0.065) (0.069)
\AC) 97.86 89.59 53.98 25.95 1.49 268.86 258.74
(0.122) (0.120) (0.157) (0.183) (0.437) (0.209) (0.105)
Table 3 Table 4

Estimated variance-covariance matrix (x101°) for the
monthly estimates of catch (number) by season-permit
anglers in number by Equation 17 (lower diagonal) and
the correlation coefficient r(C;,, C;;) (upper diagonal, in
bold font). The diagonal component refers to V(C) and the
lower half refers to Cov(C?,C).

Month Jun Jul Aug Sep Oct
Jun 3.837 0.67 0.43 0.30 -0.03
Jul 6.011 4.862 0.65 0.49 0.08
Aug 9.422 4.434 2.578 0.65 0.28
Sep 10.681 6.258 1.456 1.038 0.44
Oct 10.725 6.336 1.522 0.069 0.020

sizes of the strata, the sample sizes, and the estimates of
the sample means. According to Cochran (1977), method
2 works well enough if the sample allocation is propor-
tional because a simple random sample distributes itself
approximately proportionally among strata. With propor-
tional allocation N;/n; = N,/n,; therefore the difference of
the two estimators is 0. In our case study, the annual
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Figure 7
Plots of the determined quantities for sample (anglers) and category
(months) from the correspondence analysis for the fishing days of 104 sam-
pled anglers. The numbers in the figure refer to the number of anglers that
were sampled .

catch estimates for the season-permit anglers C® were the
same value for method 1 and method 2. The population
size N and the sample size n were in proportion constant
throughout the season; therefore N,/n, = N/n was same for
all strata. The ratio of the variances is

V) NIV + NV G
VF) N N [V ) iV )

>

which also shows that the precision of both methods
depends on the sizes of the strata, the sample sizes, and
the variance of the sample means. If the allocation is
proportional, the variance ratio becomes 1 and the two
variances coincide. The objective of stratified surveys is
to obtain precise total effort or catch estimates (or both)

over the entire season. A proportional sample allocation
is recommended, which allows a simple calculation with
method 2 and improves precision of estimates at the same
time.
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Appendix 1: The covariance of two estimators
from sample means

First we consider the covariance of two total estimates.
Let X; and Y, be simple random samples (i=1 ,n) from
a populatlon of size N with mean x and Ky and X and Y
be two sample means.

Cochran (1977, p .25) derived the covariance of two-
sample mean, that is

7= Loovx,v)
N n
- g(x ), — i),
This is estimated by
CovX, 7)== ”100 (X,Y)
N-n

=m;(xi—)o(¥i—¥).

The covariance between two population total estimators
is defined by

Cov(X,Y) = Cov(NX,NY) = E(NX - Nu,XNY — Nu,)

N(N -n)
n

=N2Cov(X,Y) = Cov(X,Y).

This is estimated by

NN -n) -

Cov(X,¥)==""— ;(Xi—X)(Yi—Y).

For the monthly total catches, we get

NN =S (¢, -G Ce - C.

Covcyy G -
i=1

Appendix 2: Approximate covariance between
W®and WY

Taylor’s series of Wk with respect to the random variables
is obtained by

W, = C,w, +,(C, — C,) + C, (0, — ;).

From Taylor’s series (mentioned above), the approximate
covariance is obtained.
Cov(W™ W) = EWS® - W) (W — W)

= E[wk(é,gs> —C)+CO (W, — wk)]

[wk,(é,gf> —CEY+CE (@, — wk,)]

= ,w, Cov(CY,C) + 1, C'Cov(C, ;)

+CVw,, Cov(wk C,ff)) +CECE'Cov (i, wy).
Here é and w, w( ) are independent, and both w; and wy. are
estlmated from different samples. Therefore Cov (C; (S)wk )=

Cov(wk,Cﬁf’) Cov(i,,w;,) =0, then we get the covariance
as only the first term.

Appendix 3: Approximate variance of R

Taylor’s series of R with respect to C and M is obtained
by

cC 1
M+ﬁ(c C)——(M M).

Then the approximate variance is obtained by

A

V(R)= E(R- R)Z——V(C)+ V(M)
M*? M*

22 Cov(C, 1)
Appendix 4: Covariance between C and C
By expanding C<d)and C(d) we get
é(d) = Dp,R, + DR, (p}, — p;,) + Dpk(f"k —-Ry).
Ci = Dpy Ry, + DRy (j,, — py)+ Dpy(Ry, — Byy);
then the approximate covariance is given by

COV(C(d) (d)) E(C(d) _ Dkak)(CAf(fi) _ Dpk’Rk')
RkRk Cov(py,, py) + R,y Cov(pk,Rk )

+kak Cov(Rk,pk )+ DLPy Cov(Rk,Rk )
If the first three covariance components are equal to 0
because of independent sampling, then we have
Cov(é,id),é,i,d)) = szkpk,Cov(l%k,I%k,).

Here we can write IAi'k and fi’k, as the ratio of two random
variables from Equation 1 by
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“ A(s)
B =S
NM,

By using a method similar to that given in Appendix 3, we
get

COV(C(S) C(s))
MkMk

C(s)
MkMk
(s)

Cov(C¥, M)
s 1
COV(Rk,Rk/) = F

ch(Mk,c,(e )
Mk Mk

C(s) (s)

Cov(Mk,Mk)

MkMk

Here Cov(C(S), >())and Cov(Mk Mk ) are already given by
Equation 18 and Equation 24. Hence we can estimate

Cov(C, M),) and Cov(M,,C.). These are the covariances
between a total estimate and a sample mean. By a method
similar to that in Appendix 1, we have

Cov(X,Y) = E(NX - Nu)(Y - p,)

_ NCov(X, 1) = YV =P 6ou(x, v).
n
The covariance is estimated by
Cov X, 7 =2 Z(X X)(Y,-Y).

nn-1)4

For our case, the two covariances are as follows;

Cov(CyY, M) = 2( -G (M, - M)

Cov(M,,C¥) = 2(ch Cyp) (M, - M.



